The prevalence of thrombocytopenia among Chinese antiretroviral therapy (ART)-naïve HIV-infected adults has not been well-described. The aim of this study was to investigate the prevalence and associated risk factors of thrombocytopenia among Chinese ART-naïve HIV-infected adults. Methods: We performed a cross-sectional study of Chinese adult ART-naïve HIV-infected patients from September 2005 through August 2014. Socio-demographic variables and laboratory results including platelets, CD4+ cell count, and viral load were obtained from medical records. Factors and outcomes associated with thrombocytopenia were assessed using logistic regression. Results: A total of 1730 adult ART-naïve HIV-infected patients was included. The mean age was 38 years. The prevalence of thrombocytopenia was 4.5%. There were signifi cant differences in the prevalence of thrombocytopenia between patients <30 years of age (2.8%) and 30-39 years (4.0%) compared with patients greater than 50 years (7.0%) (P = 0.006 and P = 0.044, respectively). The prevalence of thrombocytopenia was also signifi cantly different between patients with CD4+ counts of 200-349 cells/mm 3 (3.3%) and >350 cells/mm 3 (2.8%) compared with patients with CD4+ counts of 50-199 cells/mm 3 (7.1%) (P = 0.002 and P = 0.005, respectively). The prevalence of thrombocytopenia was signifi cantly different by hepatitis C virus antibody (HCV-Ab) seropositivity (10.2% for HCV-Ab positive vs. 3.9% for HCV-Ab negative, P = 0.001). We observed differences in prevalence of thrombocytopenia by mode of transmission of HIV infection: Blood transmission (10.7%) versus men who have sex with men (3.9%) (P = 0.002) and versus heterosexual transmission (3.9%) (P = 0.001). In binary logistic regression analyses, age ≥50 years, HCV-Ab positivity and having a CD4+ cell count of 50-199 cells/mm 3 were signifi cantly associated with thrombocytopenia with adjusted odds ratio of 2.482 (95% confi dence interval [CI]: 1.167, 5.281, P = 0.018), 2.091 (95% CI: 1.078, 4.055, P = 0.029) and 2.259 (95% CI: 1.028, 4.962, P = 0.042), respectively. Conclusions: Thrombocytopenia is not common among adult ART-naïve HIV-infected patients in China. Older age (age over 50 years), HCV-Ab positivity and lower CD4+ cell count are associated with an increased risk of thrombocytopenia. Therefore, early diagnosis and treatment of thrombocytopenia in these patients are necessary. 
INTRODUCTION
Hematologic abnormalities are common manifestations of advanced HIV infection and AIDS. [1, 2] The prevalence of thrombocytopenia in adult antiretroviral therapy (ART)-naïve HIV-infected patients ranges from 5.9% to 40%. [3] [4] [5] [6] Furthermore, race and ethnicity may affect the prevalence of thrombocytopenia. [4] Thrombocytopenia may be the fi rst clinical manifestation in asymptomatic HIV-infected patients and may progress over time resulting in severe bleeding. [7] Thrombocytopenia is characterized by a platelet (PLT) count <100 × 10 9 /mm 3 , [8] and also frequently occurs in HIV-infected patients. [5, 9] To our knowledge, the prevalence of thrombocytopenia among ART-naïve HIV-infected patients in China has not been extensively studied. We combined data from three large HIV cohorts in China to evaluate the prevalence of and associated risk factors for thrombocytopenia among Chinese ART-naïve HIV-infected adults.
METHODS

Study population
This was a cross-sectional study with data retrieved from three multicenter prospective studies [10] [11] [12] [13] in China, established in 2005, 2009 , and 2012, respectively. The research centers are from several different regions of China, including Beijing, Shanghai, Guangdong, Fujian, Yunnan, Henan, Zhejiang, Jiangxi, Guangxi, and Shanxi province. The patients represent a broad cross section of Chinese HIV-infected patients. HIV infection was determined by standard serum enzyme-linked immunosorbent assays and also confi rmed by Western blotting analyses. Patients were only considered for enrollment in this study if they were ART-naïve and at least 18 years of age at the time of enrollment. The protocols were approved by independent ethics committees and institutional review boards, and the clinical trials were carried out in accordance with the principles of Good Clinical Practice and Declaration of Helsinki.
Study-outcome definitions
Thrombocytopenia was defi ned as PLT count <100 × 10 9 /L. Mild thrombocytopenia was defi ned as a PLT count between 99 × 10 9 /L and 50 × 10 9 /L, and severe thrombocytopenia as <50 × 10 9 /L. Besides, anemia was defined as hemoglobin <100 g/L, and neutropenia was defi ned as neutrophil count <1500 cells/mm 3 .
Data collection
Medical records were reviewed to ascertain demographic, clinical, and laboratory characteristics. 3 . VL was categorized as <5log 10 copies/ml and >5log 10 copies/ml.
Statistical analysis
All statistical analyses were performed using the SPSS 19.0 statistical package (IBM Corporation, Armonk, New York, USA). We assessed the frequency of thrombocytopenia by baseline demographic and clinical factors, including age at enrollment, sex, HIV transmission route, opportunistic infections (OIs), HBsAg positivity, HCV-Ab positivity, CMV-Ab positivity, baseline CD4 cell count, and baseline VL. Noncategorical variables were assessed by Student's t-test, and categorical variables were assessed by Chi-square test. Bonferroni correction was used in multiple comparisons. Odds ratios and 95% confidence intervals (CI) were calculated to assess the relationship between each risk factor and the thrombocytopenia. To adjust for potential confounders, we used both univariate and multivariate binary logistic regression models. Variables included in the models were age, sex, transmission route, history of OIs, HBsAg positivity, HCV-Ab positivity, CMV-Ab positivity, CD4 cell count, and VL. The statistical test was two-tailed, and a P < 0.05 was considered to be statistically signifi cant.
RESULTS
Patient characteristics
We included 1730 Chinese adult ART-naïve HIV-infected patients. Baseline characteristics are summarized in Table 1 . Most patients were men (69.8%), mean age was 38 years, mean CD4 count was 229 cells/mm 3 , and mean VL load was 4.7log 10 copies/ml. The prevalence of thrombocytopenia was 4.5%, while the prevalence of mild thrombocytopenia was 4.1%, and severe thrombocytopenia was 0.4%. Twenty-nine patients (1.7%) h a d b o t h n e u t r o p e n i a a n d t h r o m b o c y t o p e n i a , 3 (0.2%) had both anemia and thrombocytopenia, and 6 (0.3%) had pancytopenia. Figure 1 describes the prevalence of thrombocytopenia among patients according to age. The prevalence of thrombocytopenia was 2.8%, 4.0%, 5.2%, and 7.0% among patients younger than 30, 30-39, 40-39 and over 50 years of age, respectively. There was signifi cant difference in the prevalence of thrombocytopenia between patients younger than 30 years of age and those aged over 50 years (P = 0.006); while the difference between patients aged 30-39 years and those aged over 50 years was marginally signifi cant (P = 0.044, according to Bonferroni correction). 
Prevalence of thrombocytopenia by age groups
Prevalence of thrombocytopenia by CD4 cell counts
The prevalence of thrombocytopenia was 3.8%, 7.1%, 3.3%, and 2.8% among patients with CD4 cell counts of <50, 50-199, 200-349, and >350 cells/mm 3 
Prevalence of thrombocytopenia by hepatitis C virus seropositivity
The prevalence of thrombocytopenia was significantly different between patients who were HCV-Ab positive (10.2%) and those who were HCV-Ab negative (3.9%) (P = 0.001) [ Figure 3 ].
Prevalence of thrombocytopenia by transmission route
The prevalence of thrombocytopenia was 3.9%, 3.9%, and 10.7% among the patients with homosexual (MSM), heterosexual, and the blood transmission (P = 0.001) [ Figure 4 ]. The prevalence of thrombocytopenia differed between patients with blood transmission and MSM patients (P = 0.002), and between patients with blood transmission and those with heterosexual transmission (P = 0.001).
Prevalence of thrombocytopenia by other risk factors
Among 1207 male patients, 60 (5.0%) patients had thrombocytopenia compared with 18 (3.5%) out of 523 female patients. The prevalence of thrombocytopenia did not differ significantly by sex (P = 0.098). The prevalence of thrombocytopenia was 4.6% among patients with VL < 5log 10 copies/ml and 4.3% among those with VL ≥ 5log 10 copies/ml (P = 0.459). The prevalence of thrombocytopenia also did not differ significantly by HBsAg positivity (4.4% among HBsAg-patients vs. 5.0% among HBsAg+ patients, P = 0.415), by CMV-Ab positivity (3.9% among CMV-immunoglobulin M [IgM]− patients vs. 4.0% among CMV-IgM+ patients, P = 0.590), nor by history of OIs (4.3% for those without OIs vs. 5.6% for those with a history of OIs, P = 0.218) [ Figure 3 ].
Risk factors for thrombocytopenia among antiretroviral therapy-naïve patients
In a multivariate logistic regression model, we analyzed factors associated with the thrombocytopenia among Chinese adult ART-naïve HIV-infected patients. Table 2 demonstrates the results of the logistic regression analysis. Age ≥50 years, HCV-Ab positivity and lower CD4+ cell count (50-199 cells/mm 3 ) were signifi cantly associated with thrombocytopenia. We did not fi nd a statistically signifi cant association between VL and the presence of thrombocytopenia. 
DISCUSSION
We found an overall low prevalence of thrombocytopenia, and in particular severe thrombocytopenia, among Chinese adult ART-naïve HIV-infected patients. To our knowledge, this is the fi rst study in China to determine the prevalence of thrombocytopenia in adult ART-naïve HIV-infected patients.
A previous study of the Taiwanese population receiving periodic health examinations found the prevalence of thrombocytopenia to be 0.5%. [8] There are no data regarding the prevalence of thrombocytopenia in the mainland of China. In our study, the prevalence of thrombocytopenia among Chinese adult ART-naïve HIV-infected patients was 4.5%, which was higher than the general population. This suggests that thrombocytopenia occurs more frequently in ART-naïve HIV-infected patients in China compared with the general population. In addition, 22% of adults diagnosed with immune thrombocytopenia are HIV-positive. [14] As such, HIV infection should be considered as a differential diagnosis for individuals presenting with thrombocytopenia. Thrombocytopenia in HIV-infected patients is likely to be multifactorial, with contributions from splenic PLT sequestration, immune-mediated PLT destruction, and decreased PLT production related to direct infection of megakaryocytes by HIV. [15] [16] [17] The prevalence of thrombocytopenia observed in this study is consistent with several previous published studies. [3, 4, [18] [19] [20] [21] However, other studies have demonstrated a higher prevalence of thrombocytopenia. [5, 22] Prior to the advent of highly active ART, the prevalence of HIV-associated thrombocytopenia was estimated to be 10-30%. [23, 24] Ambler et al. [5] investigated the prevalence of thrombocytopenia (<100 × 10 9 /L) in HIV positive ART-naïve patients in Australia. In that study, the overall prevalence of thrombocytopenia was 26%. The discrepancy between the prevalence observed in their study and ours may be explained by varying defi nitions of thrombocytopenia and differences in characteristics between the two study population.
We found that thrombocytopenia was signifi cantly associated with CD4+ counts between 50 and 200 cells/mm 3 . Other studies have also found a lower CD4+ count (CD4 < 200 cells/mm 3 ) to be a risk factor for thrombocytopenia. [19, 20, 25] Muñoz et al. [26] found a decrease in PLT number predicted a steep decline of CD4 + T cell counts in homosexual men. , was signifi cantly associated with an increased risk of thrombocytopenia. The mechanism for this is unclear and needs to be studied further.
We found an association between HCV-Ab positivity and thrombocytopenia among Chinese adult ART-naïve HIV-infected patients, which is in line with previous studies. [8, [27] [28] [29] An association between chronic immune thrombocytopenic purpura and HCV has been described previously; [27] cryoglubulins, [28] and anti-PLT autoantibodies [29] have been detected in thrombocytopenic patients with HCV. Lai et al. found that anti-HCV antibodies in the setting of thrombocytopenia may be associated with hepatocellular damage, hepatic fi brosis, liver cirrhosis, and inadequate production of thrombopoietin. [8, 30] We found older age (age >50 years) was a risk factor for thrombocytopenia, similar to previous studies. [8] The increase in the prevalence of thrombocytopenia with age may be due to a higher incidence of myelodysplasia in older patients, but this requires further evaluation.
Our study has some limitations. First, it was a retrospective observational study which has inherent limitations. Second, selection bias may have affected the fi ndings. However, the results of this large cohort study likely still refl ect the true prevalence of thrombocytopenia in this population of Chinese HIV-infected adults. This study provides the basis for recommendations to improve the clinical care of HIV-infected persons and lays the groundwork for further studies on the pathophysiology of HIV-associated thrombocytopenia.
In conclusion, thrombocytopenia is not common among adult ART-naïve HIV-infected patients in China. Older age, HCV-Ab positivity and lower CD4+ cell count are associated with an increased risk of thrombocytopenia. Routine assessment for thrombocytopenia among this HIV-infected population should be performed to optimize clinical management.
